Background-Indirect evidence shows that alerting users with clinical decision support systems seems to change behavior more than requiring users to actively initiate the system. However, randomized trials comparing these methods in a clinical setting are lacking. We studied the effect of both alerting and on-demand decision support with respect to screening and treatment of dyslipidemia based on the guidelines of the Dutch College of General Practitioners. Methods and Results-In a clustered randomized trial design, 38 Dutch general practices (77 physicians) and 87 886 of their patients (39 433 men 18 to 70 years of age and 48 453 women 18 to 75 years of age) who used the ELIAS electronic health record participated. Each practice was assigned to receive alerts, on-demand support, or no intervention. We measured the percentage of patients screened and treated after 12 months of follow-up. In the alerting group, 65% of the patients requiring screening were screened (relative risk versus controlϭ1.76; 95% confidence interval, 1.41 to 2.20) compared with 35% of patients in the on-demand group (relative risk versus controlϭ1.28; 95% confidence interval, 0.98 to 1.68) and 25% of patients in the control group. In the alerting group, 66% of patients requiring treatment were treated (relative risk versus controlϭ1.40; 95% confidence interval, 1.15 to 1.70) compared with 40% of patients (relative risk versus controlϭ1.19; 95% confidence interval, 0.94 to 1.50) in the on-demand group and 36% of patients in the control group. Conclusion-The alerting version of the clinical decision support systems significantly improved screening and treatment performance for dyslipidemia by general practitioners. (Circulation. 2008;117:371-378.)
C omputerized clinical decision support systems (CDSS) are information systems that aim to optimize physicians' clinical decision making. 1 Investigators report a beneficial effect on physicians' performance of introducing CDSS in daily practice. 2, 3 Several determinants appear to be critical to the successful introduction of CDSS in daily practice: providing automatic support as part of the clinician's workflow, providing decisions at the point of care, and providing recommendations rather than just assessments. 4 In a recent systematic review, Garg et al 2 studied the effect of CDSS on practitioner performance and patient outcomes. They concluded that studies in which users were automatically prompted (alerted) to use the system seemed to indicate better performance than studies in which users were required to actively (on-demand) initiate the system. However, this conclusion was based on comparing the results of studies conducted in different settings, with the use of different methods, and involved heterogeneous populations. A randomized controlled trial comparing the automatic alerting method with the on-demand method on physicians' performance is lacking.
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Cardiovascular disease (CVD) is the leading cause of mortality in industrialized countries. 5 Researchers report low primary and secondary prevention performance of physicians. 6 -11 To improve both primary and secondary prevention of CVD, we developed the noncommercial CDSS, named CholGate, on the basis of recommendations for lipid management from the guidelines of the Dutch College of General Practitioners (DCGP). [12] [13] [14] [15] [16] For more than a decade, Ͼ90% of Dutch primary care physicians have used electronic health records (EHR) for all primary care record activities. 17 Taking advantage of this widespread use of EHR by Dutch general practitioners, the CDSS is integrated within the EHR to provide decision support as part of the clinician's workflow. We conducted a randomized trial to compare the effect of 2 versions of this CDSS with no CDSS on screening and treatment of dyslipidemia among general practitioners.
We hypothesize that a CDSS will improve physicians' performance compared with having no CDSS. In addition, we hypothesize that the alerting method will have a better effect in increasing physician performance than a CDSS that requires manual activation.
Methods

Design Overview
Our practice-level, cluster randomized controlled trial studied alerting decision support or on-demand decision support versus usual care. We randomly assigned general practices to the 3 groups and followed the patients within the assigned groups. Between May and June 2004, we recruited general practices in the Delft region in the Netherlands.
Setting
Between May and June 2004, all of the 56 practices using the ELIAS EHR (iSOFT B.V., Leiden, the Netherlands) in the Delft region in the Netherlands were invited to participate in the study. We chose to integrate our intervention into a single EHR to avoid potential bias due to different EHR systems. Only practices that fully replaced paper-based records with electronic records during patient encounters and who have been working in this manner for Ն1 year were eligible for the study.
Participants
A total of 38 practices (80 general practitioners) with 92 054 eligible patients agreed to participate in the study. Table 1 lists the practice characteristics. Because the 1999 DCGP guidelines restricted lipid management recommendations to men aged 18 to 70 years and women aged 18 to 75 years, we included only these patients in our study. [12] [13] [14] [15] [16] All patient data were anonymous. The need to obtain patient consent was waived by the Ethical Review Committee of the Erasmus Medical Center because, in accordance with Dutch law, the intervention constituted accepted care and physicians were not forced to follow any suggestions. The Figure shows the study flow.
Randomization
The general practice, with Ն1 practitioners, was chosen as unit of randomization because it was a definable entity and a logical foundation for implementing a primary care-based intervention. Additionally, this prevented knowledge gained from decision support in one patient influencing the action on a possible control patient, thereby underestimating the effect of the intervention. 18 Practices were randomly assigned into 1 of 3 arms: a control arm and 2 intervention arms (an on-demand arm and an alerting arm). The practices were first stratified by single-handed practices and group practices (ie, Ն2 general practitioners in the same practice). Each practice was subsequently assigned by simple random allocation to CDSS alerting, CDSS on-demand, or control groups for the complete study period. Randomization was performed with a table of random numbers by a researcher not involved in the study and who was blind to the identity of the practices. The practices were blinded to the other versions of the CDSS available.
CDSS Intervention
The CDSS aids a general practitioner in the primary and secondary prevention of CVD with regard to lipid management. The system is based on the guidelines of the DCGP and is integrated into the EHR. The system uses 3 layers of data available in the EHR to provide decision support: coded data, structured data, and free text data. Coded data rely on widely used coding schemes to record data. In the Netherlands, all practices use the International Classification for Primary Care for coding diagnoses and the Anatomic Therapeutical Classification 19 for coding medication. Structured data rely on locally defined coding schemes. For each practice we identified codes on the level of an individual practice used for specific conditions or measurements. Free text data consist of data recorded in free text. For each practitioner, we relied on the recording habits of physicians who, in busy daily practice, often use repetitive free text in their medical narrative. 20 After gathering relevant data, the system identifies 2 types of patients: (1) those who need screening for lipid abnormalities and (2) those who need treatment for lipid abnormalities. The Dutch guidelines emphasize the need to screen specific, well-defined populations. 21 As a result, the guidelines contain detailed, sometimes complex descriptions of the various conditions that should lead to screening a patient. 22 For example, a 50-year-old male smoker without diabetes mellitus or CVD but with hypertension needs screening, whereas as if the patient does not have hypertension, screening is not indicated. If the patient is aged Ն60 years and smokes but has no other risk factors, screening is again indicated. All patients with known CVD needed screening. When a patient is identified as requiring screening, the guidelines recommend specific actions. The 1999 DCGP guidelines require calculation of a risk score for every patient who needs primary prevention. [12] [13] [14] [15] [16] This risk score is based on the Framingham risk function for CVD. 23 In the 1999 paper-based guidelines, the physician had to deduce the score from a series of tables stratified by age, gender, diabetes mellitus, systolic blood pressure, smoking, and cholesterol/ high-density lipoprotein cholesterol ratio. For every age group, a threshold Framingham score exists in which treatment is recommended. Researchers have argued that the relevant tables are complex and might be difficult to use in daily practice. 24 In secondary prevention, any patient with CVD attributed to atherosclerosis and with a serum cholesterol level Ͼ5 mmol/L (193 mg/dL) should be treated with statins. Once a patient is treated with statins, the 1999 guidelines did not recommend further serum lipid testing.
We developed 2 versions of the CDSS: on-demand and alerting. Both versions analyze and interpret the patient data in the EHR, generating patient-specific guideline recommendations for preventa- tive activities. An overview screen, or dashboard, accessible from the patient record screen presents a patient's current risk profile to the user, as well as suggesting an action on lipid management. A user can call on this overview screen at any point during the interaction with the patient's record. This overview is interactive: The user can enter a new diagnosis or change measurement values, and the risk profile is immediately updated. All changes made in the overview are registered into the patient's record, preventing duplication of tasks. In both versions the user has access to the overview screen to see a patient's risk profile and recommendations. The only difference between the 2 versions is the alerting functionality.
In the on-demand version, a user has to actively initiate the overview screen to access the recommendations. In the alerting version, the recommendations are automatically shown to the user during record interaction; that is, the user does not need to initiate the overview screen to access the recommendations.
Outcomes and Measurements
The primary study outcomes were the percentage of screened and treated patients determined by the system according to the DCGP guidelines' recommendations on lipid management in relation to the primary and secondary prevention of CVD. [12] [13] [14] [15] [16] The percentage of screened patients is the number of patients requiring screening and then screened, divided by the total number of patients requiring screening. The percentage of treated patients is the number of patients requiring treatment and then treated, divided by the total number of patients requiring treatment.
Follow-Up Procedures
When the system was implemented by the authors at the practices, it was configured to the local practice setting, and users were given a tutorial on the use of the system. We installed the on-demand version in the on-demand arm and the alerting version in the alerting arm. In the control arm, the CDSS was installed, but all functionality was disabled for daily use and only monitored the actions taken by the general practitioner. At all practices, an initialization procedure was performed directly after installation. This procedure gathered data on the practices' baseline characteristics as well as baseline characteristics of the patient population.
After initialization, all data on patient record interactions, patient characteristics, and follow-up data were obtained from the EHR by the CDSS. Eligibility of patients for screening and treatment actions were determined from the computerized patient data (diagnoses, problems, prescriptions) that were available in the EHR. Eligible patients entered the study at the moment the patient record was opened in the practice during the study period. At that moment the CDSS classified the patient as requiring screening or requiring treatment. If a patient required screening, the number of days from entry until screening or follow-up ended was counted. If a patient required treatment, the number of days from entry until treatment or follow-up ended was counted. Patients who were screened after being classified as requiring screening and subsequently classified as requiring treatment were included in both the screening analysis and treatment analysis.
All patients were followed for at least 1 year, or until the general practice switched to another EHR vendor (that is, stopped using the ELIAS system) or until the patient died. 
Statistical Analysis
Logistic regression analysis was used to compare practice characteristics at baseline between the 2 treatment arms. Cox regression analyses were used for comparison of screening and treatment rates between intervention arms. For comparison of screening rates, time of follow-up was considered as time axis in the Cox regression analysis. This analysis was restricted to persons identified as requiring screening by the CDSS. Because the number of visits during follow-up affects the possibility of being screened, we adjusted for this covariate. We adjusted for CVD and diabetes mellitus, and no other covariates had a material impact on the results.
For comparison of treatment rates, time of follow-up (from requiring treatment until censoring) was used as time axis in the Cox regression analysis. This analysis was restricted to persons classified by the CDSS as requiring treatment.
To estimate the effect of the interventions while taking into account the clustered randomization, we conducted a clustered Cox regression analysis by using PROC PHREG. All analyses were performed with SAS release 8.2 (SAS Institute Inc, Cary, NC).
The authors had full access to and take full responsibility for integrity of the data. All authors have read and agree to the manuscript as written.
Results
Thirty-six general practices, with a total of 87 866 eligible patients, of the 38 general practices that started the study completed the study. Eleven practices were randomized to the control arm, 13 to the alerting version, and 14 to the on-demand version (Figure) . Two on-demand practices with 4168 patients could not be included in the analysis. During a scheduled upgrade, the hardware vendor inadvertently deleted our study and backup data, leaving us unable to analyze the practices.
Practice characteristics differed slightly between the treatment arms. For example, screening and treatment performance in the year preceding the intervention were lower in the on-demand arm ( Table 1) . Patient characteristics were similar between the study arms, except for the percentage of smokers, family history of CVD, and systolic blood pressure ( Table 2) .
For 3210 of the 87 866 patients, the system determined that according to the DCGP guidelines, screening was needed. The percentage was highest in the on-demand arm ( Table 3) . The majority of patients who were identified as requiring screening were male and aged Ϸ60 years, Ϸ40% had CVD (primarily angina or a prior myocardial infarction), and Ϸ26% had diabetes mellitus (Table 3) .
For 2953 of the 87 866 patients, the system determined that treatment was needed. A total of 367 patients who were screened during the study period required treatment. Most patients requiring treatment had a Framingham risk score Ͼ20%. Between 40% and 50% of patients required treatment because of prior CVD (Table 4) .
Sixty-five percent of patients requiring screening in the alerting arm were screened versus 35% in the on-demand arm and 25% in the control arm ( Table 5 ). The alerting arm had a 76% increased likelihood to be screened than patients in the control arm (adjusted relative risk [RR]ϭ1.76; 95% confidence interval [CI], 1.41 to 2.20), whereas patients in the on-demand arm had a 28% increased likelihood of being screened (adjusted RRϭ1.28; 95% CI, 0.98 to 1.68). Of the patients requiring treatment, 66% were treated in the alerting arm, 40% in the on-demand arm, and 36% in the control arm. After adjustment for differences between arms, the likelihood of being treated was 40% higher in the alerting arm (adjusted RRϭ1.40; 95% CI, 1.15 to 1.70) and 19% higher in the on-demand arm in comparison to the control arm (adjusted RRϭ1.19; 95% CI, 0.94 to 1.50). The patients in the alerting arm had a significantly higher likelihood of being screened than the on-demand arm (adjusted RRϭ1.40; 95% CI, 1.08 to 1.81) ( Table 5 ). The treatment likelihood was also elevated but not significantly so (RRϭ1.18; 95% CI, 0.96 to 1.45).
Discussion
In the first study to directly compare on-demand CDSS and alerting CDSS with usual care, we showed that a CDSS improves screening and treatment performance of dyslipidemia in general practice. In addition, the alerting version improved screening rates statistically significantly more than the on-demand version.
Explanation of Findings
In busy general practice, time is frequently insufficient to calculate the complex risk scores necessary for decisions on primary prevention. The time needed to read and interpret paper-based guidelines might hamper physician performance. As our results show, displaying recommendations from guidelines to making complex decisions in a way that fits into the workflow of the physician increases performance by obviating the break in the clinical workflow. 4 That a system using alerts is associated with better performance than an on-demand system can be explained by the fact that alerting creates awareness of preventive actions that should be taken for a specific patient. In the absence of an alerting van Wyk et al Electronic Alerts vs On-Demand CDSS system, the physician has to recognize the situation that calls for action. In a previous study we showed that physicians' awareness of the need for secondary prevention is frequently triggered by a CVD event 25 ; in these situations, the CVD event functions as an alert. Alerting constitutes a triggering event that prompts the physician to initiate preventive care.
Findings in Relation to Other Studies
In a recent updated major review of 100 CDSS studies on practitioner performance and patient outcomes, the authors found that improved practitioner performance was associated with CDSS that automatically prompted (alerted) users compared with requiring users to activate the system. 2 However, none of the 100 studies under review directly studied this observation. Our work is the first study that confirms this association in a randomized controlled trial. Recently, authors have identified the critical determinants for CDSS to be successful. 2, 4, 26 However, we did not evaluate the effect of these factors in our study but rather kept them similar across the intervention groups. This means that we could measure the difference between the intended interventions (alerting and on-demand activation) without needing to consider the various system effects listed by others. Differences existed between the DCGP guidelines in force during the study period and other international guidelines on dyslipidemia. 27, 28 The 1999 DCGP guidelines did not advocate routine low-density lipoprotein testing. In addition, various treatment thresholds differed. However, all guidelines required physicians to act on certain information related to CVD risk factors and perform screening or treatment actions. Therefore, although the guidelines differ on what tests should be performed in screening and exactly when to treat, they require the physicians to act on information related to risk factors. Because the need to perform preventive actions is a result of the information about risk factors and not the exact content of a particular guideline, we believe that our results are generalizable to settings in which different guidelines apply.
The clinical implications of our findings could be profound. It is known that both primary and secondary prevention of CVD is suboptimally performed. 6 -11 Our study shows that interventions such as a CDSS can improve the primary and secondary prevention of CVD and especially if general practitioners are alerted to the need for action. It can be argued that an increase in adherence to the guidelines, as effected by our system, will lead to a decrease in mortality and morbidity due to CVD. However, further research will have to show that this is indeed the case.
Limitations
Recently, authors argued that evaluation of CDSS should focus on the effect on patient outcomes. 2 Factors other than physicians' actions influence patient outcomes. Patient adherence, for example, is a well-documented factor related to outcomes but is not measured in CDSS studies. 29, 30 Our study only assesses the effect of CDSS on changing physicians' behavior by measuring their actions and does not evaluate patient outcomes. In performing the study, we did not question the validity of the guidelines but studied which approach could best influence physicians' behavior given the guidelines. Thus, we believe that if the CDSS is based on well-accepted evidence-based guidelines, improvement in physician adherence to guidelines will result in better patient outcomes. Guidelines, however, evolve over time. Although a CDSS may be an effective intervention to change behavior and affect outcome, systems based on those guidelines need to be continuously updated to reflect changing guidelines.
To ensure that complete medical records were available to the system, general practitioners were only eligible to participate in this study if they did not use any paper records at all. The performance of the CDSS, however, may be influenced by the way physicians capture data in their EHR.
We did not use an independent mechanism to assess the physicians' EHR.
Randomization was conducted on a practice level. To deal with potential differences in patient characteristics between treatment arms, we adjusted through the Cox regression for baseline differences that confounded the effect estimate while taking the clustered design into account. Because of logistical reasons, the follow-up time differed between practices. Because time is an important determinant for screening and treatment, we adjusted for this difference.
Apart from screening for all CVD risk factors, we focused on treating only 1 risk factor: lipid abnormalities. We did not perform CDSS treatment interventions on other CVD risk factors. Performing these extra interventions will induce additional complexity to the system. 21, 31 Although we have been able to introduce a CDSS that effectively supports the longitudinal lipid management in primary and secondary prevention of CVD, further research will have to show whether introducing more workflow patterns in the CDSS will have additional effects on physicians' performance.
In conclusion, this study shows that an alerting version of a CDSS significantly improves screening and treatment performance for dyslipidemia.
CLINICAL PERSPECTIVE
Clinical decision support systems have been demonstrated to improve the implementation of evidence-based guidelines by influencing physicians' behavior. Some systems require the physician to ask for support (that is, the system only provides support when the physician demands that support). Other systems generate alerts to the physician independent of a request by the physician for those alerts. Indirect evidence suggests that alerting users is more effective in changing physician behavior than on-demand systems. However, randomized trials comparing these methods in a clinical setting were lacking. We constructed a clinical decision support system for screening and treatment decisions in the area of dyslipidemia in primary care. The system was integrated into the electronic health record of general practitioners and could function in either an alerting mode or on demand. The system was based on the 1999 guidelines of the Dutch College of General Practitioners. In a clustered randomized trial design, we studied the effect of both alerting and on-demand decision support with respect to screening and treatment of dyslipidemia. In the 38 Dutch practices, with 87 886 eligible patients, we demonstrated that a clinical decision support system alerting users to dyslipidemia-based screening and treatment actions changed physician behavior more than on-demand decision support. In efforts to improve care by using evidence-based guidelines, decision support systems that alert physicians should be considered as an implementation strategy.
